Introduction
Over the past few decades, several advances have been made in our knowledge of the genetic basis of diseases, prompting particular attention to the prevention and control of this determinant and to the adequate management of those affected or at risk of developing genetic conditions.
The causes of genetic disease are manifold, and a variety of approaches are thus required for their prevention and to ensure better care of patients and families. In 2000, the World Health Organization (WHO) proposed that interventions for prevention and control of genetic disorders and congenital malformations should be added to the primary health care (PHC) framework (WHO 2000) .
The main characteristic of PHC is its status as the first contact to the health system, providing comprehensive, continuous care over time and coordinating the care received by individuals and families at the various points of care throughout the health system. Other defining characteristics of PHC include its family-and community-oriented nature and cultural competence (Starfield 1992) .
At the interface between genetics and PHC is the field of community genetics. In 1998, Leo ten Kate defined community genetics as "bringing genetic services to the community as a whole." (ten Kate 1998) The author later expanded this definition, describing community genetics as "the art and science of the responsible and realistic application of health and disease-related genetics and genomics knowledge and technologies in human populations and communities to the benefit of individuals therein. Community genetics is multi-, inter-and transdisciplinary and aims to maximize benefits while minimizing the risk of harm, respecting the autonomy of individuals and ensuring equity" (ten .
Within this context, several efforts have been made in the direction of integrating basic knowledge of genetics into the framework of PHC. Education is viewed as the key for preparing primary care providers for a reality in which genetics will be present in the daily routine of health care and disease prevention (Khoury 2003) . Genetic diseases contribute significantly to the population-wide disease burden, and primary care providers have an important role to play in their prevention and in the identification of patients that could benefit from referral to medical genetics services, as they will remain responsible for the care of these patients throughout the life course (Burke and Emery 2002) .
In 2009, the Brazilian government published its national policy for comprehensive clinical genetics care (Brasil 2009 ). This policy includes both specialty medical genetics care and primary care. In the latter setting, the policy provides for identification and follow-up of families with conditions related to congenital anomalies and genetically determined diseases.
The objective of this study was to ascertain whether implementation of a medical genetics education program produced for primary care providers could contribute to the integration of concepts and attitudes related to the identification, management, and prevention of congenital malformations and genetic diseases into the care provided at primary health care units.
Materials and methods

Setting
The municipality of Porto Alegre, located in Southern Brazil, has a population of approximately 1,400,000 (IBGE 2011) . There are 56 Basic Health Care Unities in the municipality, two established genetics services, and a referral center for neonatal screening. Twelve of the Basic Health Care Unities are affiliated with Grupo Hospitalar Conceição (GHC), which has over 30 years' experience in primary care and served as the model for the current Brazilian Family Health Strategy, which was implemented nationwide from 1994. The Medical Genetics Service at Hospital de Clínicas de Porto Alegre is recognized throughout Latin America as a leading center for the diagnosis and treatment of genetic diseases, and, since 2004, has been a WHO Collaborating Centre for the Development of Medical Genetics Services in Latin America.
Design of the educational program
The content and format of the program were idealized by investigators affiliated to the Medical Genetics Services of Hospital de Clínicas de Porto Alegre (SGM/HCPA). Three meetings were held with the project investigators-as well as other SGM/HCPA staff and students interested in the topic-to define which subjects would be addressed during lectures, the duration of the program, and the assessment method.
Once the topics had been defined, a questionnaire designed to assess their adequacy for a medical genetics educational program for primary care providers was distributed to participants of the 22nd Brazilian Congress on Medical Genetics.
The content chosen for presentation in the program included: basic concepts in medical genetics (lecture 1); familial genetic analysis (lecture 2); teratogens and prevention of birth defects (lecture 3); genetics of mental disability (lecture 4); inborn errors of metabolism (IEM) and neonatal screening (lecture 5); cancer genetics (lecture 6); genetics and common adult chronic diseases (lecture 7); and preconception counseling/prenatal diagnosis (PND), and genetic counseling (lecture 8). Ethical aspects of genetics and the use of information resources (such as relevant websites and hotlines) were presented during lectures as appropriate. Due to the advanced content of lectures, the decision was made to limit participation in the program to health care providers with a graduated education level. Each lecture was 60 to 90 min in duration.
The program was presented to leaders of the Grupo Hospitalar Conceição Community Health Service (SSC/ GHC) and minor adjustments were made. The program was then presented to the coordinators of all 12 Basic Health Unities affiliated with SSC/GHC to gauge their interest in and availability to take part in the program.
Characteristics of participating Basic Health Care Unities
On the basis of availability and interest, three GHC-affiliated Basic Health Care Unities, all located on the Northern region of Porto Alegre, were selected for participation. The characteristics of these facilities are shown in Box 1. In addition to providers trained at a higher education level, PHC teams also comprise health care workers trained at a vocational and technical level, such as community health agents and nurse technicians; together, these primary care providers make up the standard staff of primary health care units. Although residents and interns are not accounted as regular staff, some of them chose to took part in the program.
Program implementation and evaluation
The program was initially carried out at one Basic Health Care Unity, Unity 1, for the pre-pilot stage of the study. During the first meeting, the program was presented, an initial questionnaire was administered and pretesting was performed (pre-1). The first five lectures, held 14 to 30 days apart, were followed by a second meeting for post-testing (post 1). This meeting was followed by the last three lectures of the program, again held 14 to 30 days apart. Furthermore, two separate meetings were held for presentation and discussion of cases selected by Unity 1 staff. Before and after the final lectures, a new round of pre-and post-testing was performed (pre-2 and post-2). During the last meeting, post-testing was followed by a final questionnaire for evaluation of the program. Finally, 6 months after the end of the program, a retention test was administered. Each pre-and post-test consisted of 15 multiple-choice questions, whereas the retention test was a simple compilation of these questions. Overall, 15 meetings were held at Unity 1.
The initial questionnaire was designed to outline a profile of unit staff and provide an instrument for self-assessment of genetics knowledge, genetics knowledge as applied to clinical practice, and confidence in providing genetics-related information to patients and their families. All selfassessment items were graded on a Likert-type scale. The final questionnaire consisted of three self-assessment items and questions on the impact of the program on clinical practice, on use of the information resources presented during the program, and on use of the educational materials provided. After some adjustments to the number of meetings and assessment methods, the program was expanded to Unity 2 and Unity 3. Initial and final meetings were held as in Unity 1, but only one pretest and one post-test were administered. The tests administered at Unity 2 and Unity 3 consisted of 20 questions each. Lectures were held 14 to 30 days apart as in Unity 1 and there were no case discussion meetings, for a total of ten meetings (lectures and sessions) at each Basic Health Care Unity.
All lectures were taught at the Basic Health Care Unity, by the same expert lecturers, except for the first lecture (a general overview of genetics), which was taught by two master's candidates. Participants were given supporting material (booklets) related to each lecture. All meetings were monitored by the program coordinator. Classes were evaluated on a scale of zero to five in terms of clarity of explanations, mastery of the subject at hand, student interest, and relevance of the topic addressed. Classes were scheduled according to the availability of PHC teams, no less than 14 and no more than 30 days apart.
Development of educational material
After a discussion with SSC/GHC management and Unity 1 staff, two topics were selected for development of educational material geared to the community: teratogens in pregnancy (due to the reportedly high rate of alcohol and drug use in the community) and pre-conception counseling (due to the reportedly high rate of unplanned pregnancies in the community and to the implementation of a pre-conception counseling service in all primary health care units run by SSC/GHC during the study year).
Dissemination of this educational material to the community was planned at a meeting with community health agents. During this meeting, the importance of the selected topics was stressed and agents were asked to distribute the prepared material to the community. The material was also provided to program participants and made available at Basic Health Care Unity consulting rooms and waiting areas. The community health agent meetings were only held at Unity 1 and Unity 2, as Unity 3 had no community health agents on staff during the study period.
A "Handbook of Medical Genetics for Primary Care" was also developed and printed to serve as a user-friendly quick reference on the subjects addressed during the program.
Assessment of prevention measures adopted by GHC A survey was conducted of all women treated at Unity 1 who had given birth in the year immediately preceding and the year immediately following the program. A questionnaire was used to measure adequacy to interventions already adopted by SSC/GHC for the prevention and control of genetic diseases and birth defects. In this instrument, women were asked about measures that should have been taken during their prenatal visits: inquiry and guidance on smoking, alcohol intake, and illicit drug or medication use; serological screening for rubella, with guidance and referral for immunization as necessary; prescription of folic acid during the optimal window for supplementation or at another point in time; and performance of prenatal ultrasound during the recommended period or at another point in time. Women were also asked about neonatal screening and hearing screening, and as to whether these interventions were performed during the optimal period for screening or at another time. The questionnaire administered to women who gave birth in the year after the program also included items on pre-conception counseling.
Ethical aspects
The project was approved by the Research Ethics Committees of Hospital de Clínicas de Porto Alegre and Grupo Hospitalar Conceição. All participants provided written informed consent at the beginning of the first study session. All tests and questionnaires (except those designed to outline a profile of participants) were anonymous.
Data analysis
Data were entered into a Microsoft Excel spreadsheet and analyzed in the SPSS 18 (Statistical Program for Social Science). Categorical variables were expressed as absolute and relative frequencies. The Shapiro-Wilk test was used to test for normality of distribution in continuous variables. Normally distributed continuous variables were expressed as means and standard deviations, and the Student t test was used for comparison of means. Asymmetrically distributed variables were expressed as medians and interquartile ranges, with the Mann-Whitney U used for comparisons.
Results
Forty-three professionals across the three selected Basic Health Care Unities took part in the program, and 31 (72.1 %) completed it (defined as attendance of >75 % of lectures and completion of the post-test and final assessment questionnaires). Eight of the providers who did not complete the program were residents or interns, not regular PHC team. A profile of the participants from each Basic Health Care Unity is shown in Table 1 . All PHC team trained at a higher education level took part in the program (except for one nurse at Unity 3), as well as residents and interns from a variety of specialties (including two Pharmacology residents at Unity 2). The staff of Unity 1 had been in practice the longest, and this unit also had the highest percentage of professionals who did not take Medical Genetics during their undergraduate studies. The percentage of professionals with a postgraduate qualification (most were board-certified in family health) was similar across all three units.
The median number of correct responses in each test administered at Unity 1 is shown in Table 2 . Despite a statistically significant pre-/post-test difference, no significant difference was found in the retention test administered 6 months after the end of the program. The mean number of correct responses in each test administered at Unity 2 and Unity 3 is shown in Table 3 .
Responses for the self-assessment questionnaire are shown in Table 4 . Regarding the influence of the program on primary care practices, 85.7 % of professionals at all participating Basic Health Care Unities (24 out of 28) reported changes after the program, particularly in relation to their awareness of potentially genetic causes of diseases, a better approach to obtaining and using the family history, and the prevention of birth defects through care of pregnant patients and pre-conception counseling. Furthermore, 64.3 % of providers (18 out of 28) claimed they had used the information resources presented during the program, and 57.1 % (16 out of 28) reported use of the educational material provided during the program in their daily clinical practice.
Considering all participating Unities, the lectures that had the best reviews in terms of clarity, interest, and mastery and relevance of the topic were the lectures on cancer genetics (lecture 6), teratogens (lecture 3), mental disability (lecture 5), and PND and pre-conception counseling (lecture 8), all of which had a score of >4.75 (corresponding to >95 % satisfaction). All other lectures were assigned a score of ≥4 (corresponding to ≥80 %).
Concerning assessment of the adequacy of program content by participants of the 22nd Brazilian Congress on Medical Genetics, 85 genetics experts with different backgrounds completed the questionnaire distributed during the Congress. The topics evaluated by over 90 % of participants as being very relevant or relevant were: basic concepts of medical genetics (lecture 1); teratogens (lecture 3); IEM and neonatal screening (lecture 5); and cancer genetics (lecture 8). All other topics were evaluated by 80 % to 90 % of participants as being very relevant or relevant. Some topics that were not included separately in the program were listed and evaluated by over 90 % of participants as being very relevant or relevant: use of information resources; ethical aspects of genetics; and assessment of neurological and psychomotor development. Use of information resources and ethical aspects of genetics were presented in lectures whenever applicable. The third topic was ultimately not included in the program, as the program was designed to be broader and more comprehensive in scope rather than limited to genetic diseases presenting in childhood.
Regarding our survey of pregnant women treated at the participating Basic Health Care Unities, 25 out of 86 (29.1 %) women seen in 2010 and 23 out of 53 (43.4 %) women seen in 2011 completed the questionnaire. The results of these surveys are presented in Table 5 and show few changes in practices already established as part of the prenatal care provided by SSC/GHC. Only one respondent in the 2011 survey claimed to have received pre-conception counseling.
Discussion
Although most health professionals have studied genetics during undergraduate courses, it is well known that the genetics content presented in the curriculum of undergraduate and professional degree programs is limited and not oriented to clinical practice (Greendale and Pyeritz 2001; Williams 2001; Suther and Goodson 2003) . Penchaszadeh et al. (1999) maintain that the curricula of undergraduate health degree programs should be modernized and the practical aspects of medical genetics included. Furthermore, the authors note, "for those professionals already in practice, continuing education programs to familiarize them with the modern concepts of clinical genetics are essential." The correct answer rate during the pretest, which was <70 % at all three Basic Health Care Unities, shows that primary care providers have insufficient knowledge of genetics. Although Unity 1 and Unity 3 staff had a statistically significant difference in their pretest and post-test grades, this difference was minor in light of the percentage of correct answers, which did not reach 70 % in either unit. Staff at Unity 2 had a higher correct response rate during the pretest, which reflects higher baseline knowledge. Although this was the only unit whose staff had a >70 % correct answer rate during post-testing, there was no significant difference between pre-/post-test scores. It is well documented that most primary care providers have limited knowledge of genetics (Emery et al. 1999; Suther and Goodson 2003; Nippert et al. 2010 ). This limitation reflects both the rapid progress in genetics and the deficiency in genetics education during undergraduate study, as well as the deficient approach to teaching of medical genetics during residency or specialization programs and the lack of continuing medical education programs for primary care providers. Surveys of these professionals have also revealed deficient ability to obtain and assess a family history, limited self-confidence regarding their knowledge of genetics, wasted opportunities to diagnose genetic disorders, and few referrals to medical genetics services (Burke and Emery 2002; Suther and Goodson 2003) .
Analysis of the response rate of the self-assessment questionnaire revealed that the program achieved its expected results, namely, to increase overall knowledge of medical genetics (particularly as applied to primary care) and increase provider confidence in giving genetic information to patients and their families. There were some contradictory findings among the staff of Unity 1 and Unity 2, suggesting that knowledge of genetics actually decreased after lectures and that some providers actually became less confident after the program. These findings may suggest that the program made providers realize that they need to learn more about medical genetics before they can incorporate its concepts into their practice of primary care. Indeed, this concern was reported by several participants.
A systematic review carried out by Suther and Goodson (2003) noted four main barriers to provision of genetics services by primary care physicians: inadequate knowledge of genetics, lack of detailed or updated family histories, lack of confidence, and lack of referral guidelines. Our results show that, after the program, primary care providers reported an improved knowledge of genetics (as confirmed by statistical testing at two Unities) and increased confidence to provide genetic information to patients and their families. A survey conducted in four European countries found that only 19.3 % of health care professionals feel very confident or confident with respect to their genetics-related knowledge, skills, and (Nippert et al. 2010) . Carroll et al. (2009) , in their study of an educational intervention (workshop), found that most participants reported increased confidence in addressing genetics-related issues after the intervention. Kolb et al. (1999) believe that most of the underuse of genetics interventions in clinical practice by primary care providers is due to the lack of adequate information and knowledge on the subject. The authors found significant improvement in knowledge about genetic conditions and attitudes of primary care professionals toward provision of genetics services during prenatal and pediatric care after a basic, 8-h genetics education program, the content of which was more restricted than that presented in our intervention.
In the present study, the gap between classes was determined by the availability of professionals, as participation in the program was an activity that deviated from their routine. We believe the widely spaced schedule (which led to over 6 months of contact between teams and teachers) and the fact that all classes were taught in Basic Health Care Unities Table 5 Results of questionnaire on measures for prevention and control of congenital disorders and birth defects adopted at GHC-run primary health care units, as administered to pregnant women seen at the participating units helped bring the genetics professionals closer to the reality of primary care. This is beneficial to both groups, as geneticists can benefit from a greater understanding of the perspective of primary care while primary care providers learn more about the contributions of genetics to disease states and about the many ways in which information on the genetic basis of diseases can benefit patients (Burke and Emery 2002) . Several methods are available that can facilitate the partnership between primary care and medical genetics. Joint educational initiatives are valid methods and can be implemented in a variety of configurations. These initiatives should present genetics as relevant to the practice of primary care, framing it within the context of highly prevalent health conditions (such as screening and prevention of common chronic diseases) and with the objective of developing competences for shared decision making, evidence-based practice, and risk and uncertainty management (Burke and Emery 2002) .
In the present study, most professionals reported a change in attitude during daily clinical practice after the program. A similar finding was reported by Carroll et al. (2009) , where participants reported improvement in their ability to obtain a family history and improvement in their knowledge of genetics aspects relevant to clinical practice. Primary care providers should view genetics as an integral part of their daily practice, not a field confined to the identification and management of complicated monogenic diseases. Furthermore, these professionals require systematic education to improve their knowledge, skills, and attitudes, which will help them, recognize the importance of early identification of potentially heterozygous individuals, assessment of reproductive risk, and interpretation of family histories (Qureshi et al. 2004; Nippert et al. 2010) .
Although program content was selected by medical genetics experts, all classes were well-reviewed by participants and considered relevant to their primary care practice. Educational strategies geared to primary care providers tend to be more successful if they are based on a careful analysis of the aspects of genetics most relevant to their practice and of how genetics can be integrated into their existing competences and knowledge. Prior experiences with this type of educational strategy suggest that primary care providers and medical geneticists have much to learn from one another, and that programs such as this provide an opportunity to foster dialogue and encourage a greater appreciation of the distinct perspectives of these two fields (Burke and Emery 2002; Guttmacher et al. 2007 ). Burke et al. (2009) identified the following as key topics for a medical genetics in primary care curriculum: identifying patients with, or at risk of, a genetic condition; clinical management of genetic conditions; and communicating genetic information. We believe the content presented during our study intervention covered these themes.
The results of the retention test administered at Unity 1 6 months after the conclusion of the study intervention suggest that learning was not sustained over time. Thus, there is a need for continuing genetics education strategies for primary care providers. Continuing education should prepare these professionals to provide some basic genetics services independently, by improving their knowledge, skills, and attitudes (Nippert et al. 2010) . One viable option for continuing education is access to free websites and hotlines that provide up-to-date information on genetics topics. Such websites can include a mix of basic educational material and clinical practice guidelines, including recommendations for referral to specialist medical genetics services when appropriate (Guttmacher et al. 2007; Carroll et al. 2009 ).
Our survey of pregnant women treated at the participating Basic Health Care Unity revealed little change in prenatal management. Notably, after the program, all newborns underwent neonatal screening during the optimal timeframe for this intervention. Penchaszadeh et al. (1999) note that education of the public about genetic disorders and birth defects should be attuned to the cultures, beliefs, and values of the population. These education efforts should be community-oriented and address important issues such as alcohol intake during pregnancy, immunizations, selfmedication, and the importance of learning about one's family history so as to enable adequate genetic counseling.
Limitations
The main limitations of this project are as follows: (1) the educational program was designed by genetics specialists, rather than based on unmet needs reported by primary care providers; (2) due to the anonymous nature of questionnaire responses, we were unable to conduct a paired comparison of pre-and post-test results; (3) expansion of the program in its current format to all Basic Health Care Unity in the municipality of Porto Alegre would not be feasible, particularly due to cost constraints and the limited availability of human resources; and, (4) as the program was tied to a research project, the duration of the intervention and outcome assessment periods was quite short, which precluded assessment of long-term attitude changes in PHC team and in the community as a whole.
Conclusion
In spite of its limitations, this program was the first fully developed, comprehensive attempt at integrating medical genetics into PHC in Brazil. The inclusion of genetics in primary care has been the object of international debate for years, and despite the publication of a nationwide Brazilian policy for comprehensive medical genetics care in January 2009, little has been done go far in practical terms to implement its proposals.
According to Penchaszadeh et al. (1999) , there is a need to recognize the burden imposed by birth defects and genetic disorders. This, in turn, requires political will and commitment to the development of prevention and management programs for genetic disorders and the organization of genetics services in a manner that is integrated into the primary care framework. The addition of basic knowledge of genetics to the practice of primary care is absolutely essential to the success of these programs.
The intervention tested in this study managed to bring medical genetics closer to primary care, which proved beneficial to both sides. Primary care providers were given the opportunity to learn new concepts, bring their knowledge up to date, and consider genetics as a discipline applicable to their daily practice, thus enabling them to provide better care to patients and their families. Genetics professionals got to know the practice routine of community-oriented primary care, which may led them to rethink the applications of medical genetics, which should not be seen merely as a specialty whose scope is confined to tertiary care, but as a tool for the prevention of a variety of prevalent diseases and conditions that affect communities. However, continuing education strategies, such as online-based programs, appear to be a more appropriate option for inclusion of genetics into the daily practice of PHC than isolated training interventions.
The integration of these two specialties should be strengthened. This requires effort from geneticists and primary care providers, so that community genetics can be truly put into practice. However, concrete integration will only be possible once public policies are in place to ensure the viability of comprehensive genetics care.
